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Abstract 
The study was carried out in the year 2008 at the Faculty of Forestry 
nursery, University of Khartoum, Shambat with the main objective of 
determining the effect of salinity (mixed Red Sea water/Tap water) on 
Germination and seedling performance of some acacia species namely; 
Acacia Senegal (S1), Acacia nubica (S2),   Acacia   seyal(S3) , Acacia  
tortilis   (S4) and  Acacia mellifera (S5). To indicate salinity tolerance of 
the tree species tested. 
Five treatments were used namely; 5 dSm-1 (C5), 10 dSm-1 (C10), 15 
dSm-1 (C15), 20 dSm-1(C20) and the control (0.4 dSm-1). 
Results showed that the seeds germinated in water with EC ranging from 
0.4 to 10 dSm-1, but failed in EC ≥ 15dSm-1.It further showed that there 
are no significant differences (P < 0.05) between EC5 dSm-1 and tap 
water (control) during the period of the experiment for Survival 
percentage, Seedling length, root length, seedling diameter at root collar 
and shoot/root ratio. Statistical analysis showed significant differences          
(P > 0.05) between EC 10 dSm-1 and EC 0.4 and EC 5 dSm-1 collectively, 
similarly between EC 10 dSm-1 and EC 15 dSm-1 and EC 20 dSm-1 
collectively for all parameters. The most tolerant species were Acacia 
mellifera and Acacia tortilis, Acacia senegal was intermediate, Acacia 
nubica and Acacia seyal were least tolerant to salinity. 
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  ﻣﻠﺨﺺ اﻟﺒﺤﺚ
ﻟﻤﻌﺮﻓѧﺔ ، ( ﺷѧﻤﺒﺎت ) ﺑﻤﺸﺘﻞ آﻠّﻴﺔ اﻟﻐﺎﺑﺎت ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم  8002اﺟﺮﻳﺖ هﺬﻩ اﻟﺘﺠﺮﺑﺔ اﻟﺤﻘﻠﻴﺔ ﻋﺎم 
 ﻋﻠﻰ ﺑﻌѧﺾ ﺷѧﺘﻮل أﺷѧﺠﺎر اﻻآﻴѧﺸﻴﺎ وهѧﻲ؛ ( ﻣﺎء اﻟﺼﻨﺒﻮر/ ﺧﻠﻂ ﻣﺎء اﻟﺒﺤﺮ اﻷﺣﻤﺮ )ﺗﺄﺛﻴﺮ اﻟﻤﻠﻮﺣﺔ 
( 3S)ﻄﻠѧﺢ اﻟ acibun aicacA ‘   )2S( اﻟﻠﻌѧﻮت ،  lagenes aicacA ( 1S) اﻟﻬѧﺸﺎب
  ، arefillem aicacA   )5S(اﻟﻜﺘѧﺮ  ، silitrot aicacA   ( 4S ) اﻟﺴﻴﺎل،   layes aicacA
   .ﻟﺘﺤﺪﻳﺪ درﺟﺔ ﺗﺤﻤﻞ اﻟﻤﻠﻮﺣﺔ ﻟﻜﻞ ﻧﻮع ﻣﻦ هﺬﻩ اﻻﻧﻮاع
        و 4.0 , 1-mSd5 ,1-mSd 01 ,1-mSd 51 1-mSd: هѧѧﻰ ﻣﻼتﺧﻤѧѧﺴﺔ ﻣﻌѧѧﺎ ﺪﻣﺖ اﺳѧѧﺘﺨ
  .02 1-mSd
  ,(اﻟﺸﺎهﺪ ) 1-mSd 4.0اﻇﻬﺮت ﻧﺘﺎﺋﺞ اﺧﺘﺒﺎراﻻﻧﺒﺎت ﺑﺄّن ﺑﺬورآﻞ اﻻﻧﻮاع ﻧﺒﺘﺖ ﻓﻰ ﻣﺴﺘﻮى ﺗﺮآﻴﺰ
 . 02 1-mSd   و51   1-mSd  ﺑﻴﻨﻤѧﺎ ﻓѧﺸﻞ اﻧﺒﺎﺗﻬѧﺎ ﻓѧﻰ ﻣѧﺴﺘﻮى ﺗﺮآﻴѧﺰ ,01  1-mSd و51-mSd
ﺑѧﻴﻦ اﻟѧﺸﺎهﺪ و ( 50.0)   ﺗﺤѧﺖ درﺟѧﺔ اﻟﻤﻌﻨﻮﻳѧﺔ ﻳѧﺔ  ﻣﻌﻨﻮ ﺎتﻨﺘﺎﺋﺞ ﻋﺪم وﺟѧﻮد إﺧﺘﻼﻓѧ أﻳﻀﺎ اﻇﻬﺮت اﻟ 
  : أﺛﻨﺎء ﻓﺘﺮة اﻟﺘﺠﺮﺑﺔ ﻟﻠﻘﻴﺎﺳﺎت اﻟﺘﺎﻟﻴﺔ 51-mSdﻣﺴﺘﻮى ﺗﺮآﻴﺰ
. ﻃѧﻮل اﻟﺠѧﺬر/ﻧѧﺴﺒﺔ اﻟﺒﻘѧﺎء اﻟﻤﺌﻮﻳѧﺔ، ﻃѧﻮل اﻟѧﺸﺘﻠﺔ ، ﻃѧﻮل اﻟﺠѧﺬر، ﻗﻄѧﺮ اﻟѧﺸﺘﻠﺔ وﻧѧﺴﺒﺔ ﻃѧﻮل اﻟѧﺴﺎق
         ﺑѧѧѧﻴﻦ( 50.0  )ﺖ درﺟѧѧѧﺔ اﻟﻤﻌﻨﻮﻳѧѧѧﺔ ﺗﺤѧѧѧ اﻇﻬѧѧѧﺮت ﻧﺘѧѧѧﺎﺋﺞ اﻟﺘﺤﻠﻴѧѧѧﻞ اﻹﺣѧѧѧﺼﺎﺋﻲ إﺧﺘﻼﻓѧѧѧﺎت ﻣﻌﻨﻮﻳѧѧѧﺔ 
  ، 511-mSd  و 01   1-mSd ﺑѧѧﻴﻦ وﺑﺎﻟﻤﺜѧѧﻞ.   ﻣﻌѧѧﺎ  5  1-mSd،  4.0  1-mSd و01 1-mSd
 ،  arefillem aicacA  ﻟﻠﻤﻠﻮﺣﺔ آѧﺎن اﻟﻜﺘѧﺮ  ﺗﺤّﻤﻼاﻻﻧﻮاع ّاآﺜﺮ.ﻣﻌﺎ ﻟﻜّﻞ اﻟﻘﻴﺎﺳﺎت  02  1-mSd
 acibun aicacA اﻟﻠﻌﻮت,  ﻼاﻗﻞ ﺗﺤﻤ lagenes aicacAاﻟﻬﺸﺎب ،  silitrot aicacA اﻟﺴﻴﺎل
  .اﻇﻬﺮا ﺗﺤﻤﻼ ﺿﻌﻴﻔﺎ ﻟﻠﻤﻠﻮﺣﺔlayes aicacA     و اﻟﻄﻠﺢ
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CHAPTER ONE 
Introduction 
        Rising human and animal populations and their ever-expanding 
needs for food, fodder, and feed have exerted tremendous pressure on 
agro ecosystems. The continued increase in food production to keep pace 
with the unabated population growth in the tropics is a constant worry for 
scientists and planners (Steppler, 1987). To go for this goal resource 
should be fully utilized and new approach be sought for. These degraded 
soils should be reclaimed. New technologies should be introduced and 
new water resource should be tapped. In this respect sea water is now 
being utilized for agricultural production.  Sea water is not tolerated by 
all crops. More ever salt tolerance varies with salinity level. Afforestation 
of salt-affected areas requires adequate knowledge about the mechanisms 
by which forest trees and shrubs tolerate or avoid the negative impact of 
salinity stress. Qualities of trees, such as rapid growth, drought resistance 
and salt-tolerance, are among the most vital factors that allow them to 
survive in degraded unproductive lands (Fuller 1979). Saline agriculture 
is not practiced in Sudan which has extensive tracts of agriculture land 
and plenty river water and adequate rain fall in central, western and 
southern states. How -ever north east Sudan particularly the Red Sea 
State is relatively poor in irrigation water resources. It is, therefore, 
opportune to search in-to utilization of sea water for agriculture range and 
forestry rehabilitation. Reforestation is crucial in the Red Sea State. Tree 
and shrubs offer cheap and practical way of ameliorating degraded 
habitats. Moreover certain tree species are reputed for reducing soil 
salinity through their litter mineralization as indicated in Khartoum 
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university research farm (Ahmed,1990; Galdagoon1991) and Dali 
mechanized scheme  (Eltuhami, 1993). It is therefore felt necessary that 
research be conducted to test salinity tolerance of selected tree species 
using calculated amount of sea water /tap water mix for raisings pot 
seedling with the objective of gauging the salinity levels suitable for the 
tree species. This will help selecting the most salinity-tolerant tree species 
for afforestation reforestation purposes along the Red Sea coast in 
particular and utilizing saline water in afforestation in general.                      
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CHPTER 2 
Literature Review 
2- 1 Requirement for tree growth: 
The growth of the plants, including trees is a physiological process 
largely controlled by light, moisture, nutrient and mechanical stress that 
include storms damage, animal predation and human intervention (Reed, 
1980). To germinate, seeds require adequate water, oxygen and suitable 
temperature, water availability control seed germination because no 
inhibitions. Many seeds will germinate over a wide range of temperature 
regimes. Most seeds also require constant temperature, photoperiod and 
wave length of light often have pronounced effects on seed germination, 
but light intensity has relatively minor effect, seeds usually germinate at 
low light intensities (Kozalowski, 1971). For most trees, maximum total 
germination occurs in daily light period of 8 – 12 hours, interrupting the 
dark period with a short light flash or increasing temperature usually 
gives the same effect as lengthening the duration of exposure to light. 
Oxygen requirements vary, but most seeds can germinate at oxygen 
tensions below atmospheric concentrations Oxygen is essential for 
respiration that is an essential phase of germination. Removal of seed 
coats and exposure to high Oxygen concentrations resulted in higher rates 
of seed respiration than did either removal of seed coats or exposure of 
seed to high oxygen concentration (Kozalowski, 1971). Trees have the 
same qualitative mineral requirement as other plant species, with the 
possible exception of sodium, which may be needed only under 
conditions of symbiotic nitrogen fixation the element is probably an 
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essential constituent. Light affects not only the rate of photosynthetic 
production, but also influences hormonal activity and leaf temperature 
(Reed, 1980). 
2-2 Plants Tolerance to Salinity:  
Plants differ in their response to excessive salts and specific ions. Also 
crops may be sensitive at early growth stage, and may be tolerant during 
another stage (Carter et al., 1964). Generally well-established plants are 
usually more tolerant to salinity than at germination or early seeding 
stage (Bernstein, 1964 and Al-Jaloud and Hussain, 2004). In general 
Salinization delayed seed germination (Unger 1991; Zekri, 1993 and 
ELnour et al., 2006). High NaCl concentrations reduce growth in plants 
and all species. These results broadly match those obtained by many 
research workers (Gale et al., 1970; Gorham, 1996; Harrouni et al., 2001; 
Daoud et al., 2001). Iranian farmer’s application of brackish water 
resulted in decrease in relative yields with increasing water salinities 
(Alizadeh et al., 2004). As regards salinity-climate interaction, Gale et 
al., (1970) found that the plants were taller in humid chamber than in dry 
chamber. Plants in the dry chamber were however, much leafier than that 
in the humid chamber, and the dry weight ratio of leaves to stem in the 
dry chamber was greater than those of the humid chamber. Salinity also 
affects plant anatomy. Meiri and Poljakoff (1970) showed that the leaf 
area of bean plants growing in NaCl salinized substrate decreased, but the 
more juvenile the leaf the less was the effect of salinity.  
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2- 3 Effect of salinity on plant: 
Salinity affects plant growth in three major's ways: water deficit, ion 
toxicity or nutrient imbalance. All three inhibit growth, and tend to be 
related; for instance, toxicity of one element can result in nutrients 
imbalances of other elements. 
2 -3 -1 Growth inhibition: 
Salinity level and leaf area are usually inversely related (Marschner, 
1995). Salinity diminishes the rate of leaf growth mostly by reducing the 
rate of cell enlargement (Terry and Waldron, 1986). Slower leaf growth 
results in lower water consumption due to a lower transpiration rate and 
less transpiring area (Meiri and Plojakoff – Mayber, 1970). A decrease in   
photosynthesis is probably not due to salinity's effect on Calvin cycle 
enzymes, nor due to changes in thylakoid membranes; instead, does 
photosynthesis probably decrease because of the slower rate of leaf 
expansion (Terry and Waldron, 1986).salinity problems inhibit the uptake 
of essential macronutrients such as nitrate, ammonium and inorganic 
phosphorus in barley seedlings (Huffaker and Rains, 1986) Protein 
synthesis in leaves of plant growing insaline conditions may decline in 
response either to water deficit or to specific ion toxicity (Marschner, 
1995). In general, salinity decreases shoot growth more than root growth, 
and most of the reduction in leaf elongation rate is attributed to changes 
in leaf water status (Marschner, 1995). Salinity affects plant physiology 
through changes of water and ionic status in cells (Kashem et al., 2000). 
Nacl also changes the anion concentrations in plants. A lowered supply of 
nitrite to growing leaves may be responsible for inhibition of growth 
under saline conditions (Hu and Scmidhalter, 1998). Salinity stress has 
stimulatory as well as inhibitory effects on the uptake of some 
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micronutrients by plants. The uptake of Fe, Mn, Zn, and Cu generally 
increases in crop plants under salinity stress (Alam, 1994). 
2- 3- 2-Toxicity: 
Salinity adversely affects plant growth through toxicity of ions such as 
sodium, chloride and boron, and /or many retarded the absorption of other 
essential plant nutrients. As a rule toxicity symptom occur only in woody 
plants, non woody species may often accumulate the elements in their 
leaves with out showing apparent damage (Abrol et al 1988). When 
toxicity symptoms are present, most crops respond to total concentration 
of ions in the growth medium rather than to any specific ion (Ghassemi   
et al., 1995). Sulfate salinity and poor root aeration dramatically interfere 
with exclusion of sodium from the shoot (Lauchli and Epstein, 1986). 
Sodium is among ions known to cause tip and marginal leaf burn when 
present in toxic amounts (Rains, 1989). Excess boron prevent leaves from 
accumulating normal leaves of chlorophyll, which results a reduced rate 
of Co2 fixation and a loss in available carbohydrate in all plant tissues 
(Lovatt and Dugger,1986). Chloride toxicity seem more wide spread than 
sodium toxicity, and is mainly related to low calcium concentrations in 
the substrate or poor aeration (Marschner, 1995). 
2- 3 -3 Water stress: 
Salinity and water stress are connected even though salinity stress 
involves excess of ions and water stress is due primarily to a deficit of 
water with out a direct role of ions (Hsiao, 1986). It has been observed 
that plants do not wilt under salt stress at water potentials that cause 
wilting under water stress. In addition, the osmotic adjustment processes 
under these two stresses differ-plant take up ions from the soil to regulate 
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osmotic potential in response to salinity, while under drought in the 
absence of salinity; the necessary solutes have to be produced mostly 
with in plant (Hsiao, 1986). Epstein (1976) concluded that the detrimental 
effects of salinity are caused more to lack of water than to high salt 
leaves. The suppressed water in peanuts exposed to salinity is probably a 
result of the decreased growth rate, not a cause of the salinity (Shalhevet 
et al., 1969). 
2-4 Saline Agriculture: 
Secondary salinization in irrigated agriculture is increasing rapidly all 
over the world. This situation coupled with a fast increase in food 
demand prompted several attempts to alleviate the problem. There has 
been some interest in the use of seawater, or very saline ground water for 
irrigation, either undiluted or diluted to stretch, the use of the scarce 
freshwater supplies. Some experiments with saline irrigation water or 
even using seawater have been encouraging (ICBA 2003). Of the means 
available to augment natural resources of sweet water, desalting has 
aroused the greatest interest in early years (Macavoy, 1969).This is 
unquestionable  and unlimited supply of seawater and the possibility for 
desalting seawater to produce fresh water for large-scale commercial 
agriculture is frequently studied with use in the Middle East                       
( Eisenhower, 1968).  
2 - 5 Sudan system of salt soil:  
The soil survey administration (currently Soil and Water Centre, ARC) 
adopted a salinity classification system based on the ECe of the topsoil 
(10-30cm) and the subsoil (30-120cm). Table 2.1  
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Table (2-1) Sudan salinity classification system according to SWC-ARC  
Class name ECe (0-30 cm) ECe (30-120cm) code 
Non – saline 0 – 4 0 – 4 S0 
Slightly saline 0 – 4 4 – 8 S1 
Moderately saline 0 – 4 
4 – 8 
8 – 16 
4 - 8 
S2 
Highly saline 0 – 4 
4 – 8 
8 – 16 
>16 
>8 
8 – 16 
S3 
v. highly saline >8 >16 S4 
Source: Nachtergaele, 1976 
2- 6 Sea water: 
Sea water is a complex solution containing a large number of elements 
(ions, gases, organic matter, micro-fauna, micro-flora etc.). Among the 
chemical elements, chloride constitutes about 55%, sulphate, 7%, sodium, 
30%, magnesium 3.7% and potassium 1.1%. The range of the surface 
water salinity in Open Ocean ranges from 33 to 37 % g/l. Higher values 
occur in region with high evaporation such as the Mediterranean (39 g/l) 
and the Red Sea (Mustafa, 2007). Ahmed (2007) found that the EC of the 
Red Sea water in summer ranged from 52.3 to 60.7 ds/m with a mean of 
55.4 and a coefficient of variation of 6%. Sodium constituted more than 
60%, while chloride constituted more than 80% of the ions. 
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2 - 7 Use of saline water for irrigation: 
Irrigation has already played a major role in increasing food production 
over the past 50 years. Irrigated land presently accounts for about 18% of 
the cultivated land but produces 36% of the world food. About three 
quarters of the irrigated land is presently in developing countries (FAO, 
1988). To meet world food demands, irrigated agriculture need to expand 
by about 2.25% annually. This can not be achieved due to several factors 
most important of witch is that most suitable land and water supplies have 
already been developed (FAO, 1988). Also there is a strong pressure on 
good quality resource. This pressure come form competing users such as 
growing industries and increasing number of households due to 
population growth and urbanization. Therefore, in the future the share of 
low quality saline waters and soils in irrigated agriculture will strongly 
increase (Schleiff, 2006). Recent decades have already achieved much 
progress in the application of saline waters for irrigated agriculture. One 
significant indicator for this progress is the adjustment of critical ranges 
for the evaluation of irrigation water quality. In 1954 EC-value of water 
in the range of 0.75 – 2.25 ds/m were consided as highly saline, whereas 
50 years later in 1992 water of 10 – 25 ds/m is classified as highly saline 
(Schleiff, 2006). Water generally classified as unsustainable for irrigation 
can be used successfully to grow crops with out long term hazardous 
consequences to crops or soils, with use of improved farming and 
management practice (Rhodes et al., 1992). However the development of 
the appropriate practice for the use of saline waters for irrigation requires 
an adequate understanding of how salts affect plants and soils and the 
implementation of appropriate management practice to control salinity. It 
must be remembered that most water logging and salinity problems 
presently exiting in major irrigation projects throughout the world have 
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resulted with the use of good quality irrigation waters. The use of saline 
waters for irrigation must, therefore, not add to these problems (Rhodes  
et al., 1992). 
2 - 8 The Irrigation management under saline conditions: 
Under arid and semi-arid conditions water stress is often accompanied 
with salt stress. Effect of soil salinity and water stress are generally 
regarded to be additive in their impact on crop ET (Letey et al., 1985). 
Salts in the soil water solution can reduce ET by making soil water less 
available for plant root extraction. The presence of the salt in the soil 
water reduce the water potential of the soil water solution and extra 
energy must be exerted by plant to extract from it due to the higher 
affinity of salts for water. In addition, some salts have toxic effect (e.g. 
sodium and chloride toxicities) and induce nutrient deficiencies which 
can reduce plant growth by reducing the rate of leaf growth. These effects 
will depend largely on the method of irrigation used. With sprinkler 
irrigation absorption of sodium and chloride can take place through the 
leaves and can result in toxic conditions for all crops. With surface and 
drip irrigation, direct toxic conditions generally occur only in tree crops; 
however, high levels of sodium can induce calcium deficiency for all 
crops (FAO, 1998). 
Soil salinity is usually measured and expressed on the basis of electrical 
conductivity of the saturation extract of the soil (ECe). The ECe is 
defined as the electrical conductivity of the saturation extract of the soil 
water solution after the addition of a sufficient amount of distilled water 
to bring the soil water content to saturation (FAO, 1998). ECe is 
expressed in decisiemens per meter ( dSm -1). It is well established that 
soil salinity does not reduce crop yield significantly until a threshold 
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value of ECe is reached. Beyond this value, yield decreases almost 
linearly as salinity increases (FAO 1998; Ragab, 1996). Salt tolerance 
varies among crop plants. One mechanism that enhances crop salt 
tolerance is osmotic adjustment (OA). In this process plants absorb ions 
from the soil solution and synthesize organic osmolytes to build up a high 
internal solute content. Plants can, thus, maintain a low water potential 
which is conductive to absorption of water and maintenance of turgidity. 
Osmotic adjustment, however, occurs at the expense of metabolic energy 
expenditure with the consequent reduction in plant growth under saline 
conditions. Crop plants vary greatly in their ability for OA. 
2-9 The appropriate irrigation systems for use with saline 
water: 
Use of drip irrigation, in which water is applied at a high frequency and 
sufficient rate to keep turgor high while meeting evapotranspiration 
requirements appears to permit crops to be grown more successfully with 
saline waters than otherwise possible (Shalhevet, 1994). Sprinkler 
irrigation can be effective in leaching excessive salinity from the top-soil 
and in producing a favorable low-salinity environment in the upper soil 
layer which is necessary for establishment of salt-sensitive seedling. 
However, other problems (such as foliar injury) are associated with 
sprinkling of saline water. Saline ''bed-peaks'' can be adopted to prevent 
exposure to emerging shoots. Under drip irrigation, the salt content is 
usually lowest in the soil immediately below and adjacent to the emitters 
and highest in the periphery of the wetted zone. Removal of salt that has 
accumulated in this wetting zone ''front'' must be addressed in long-term 
(Rhoades et al., 1992). 
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Susceptible crops should not be irrigated with saline water by sprinkler 
irrigation since their foliage absorbs salts upon wetting. Salts can 
accumulate in leaves by foliar absorption of such crops until lethal 
concentrations have been reached. Crop sensitivity to saline sprinkling 
water is related more to the rate of foliar salt accumulation than to crop 
tolerance to soil salinity, per se. Hence, applications should be made 
during the night and in a manner to achieve frequent wetting (''washing'') 
of the leaves in order to minimize foliar absorption of salts when 
irrigating with saline waters by sprinkler methods (Rhodes et al., 1992). 
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Table (2-2) Effect of salinity level on crop yields 
Salinity 
Grade 
Salinity level ECe ds/m Effect on crops 
0 Very low 0 – 2 Negligible. 
1 Low 2 – 4 Yield of very sensitive crop 
are limited. 
2 Medium 4 – 8 Yield of many crops are 
restricted 
3 High 8 – 16 Only tolerant crops yield 
satisfactory. 
4 Very high >16 Only a few very tolerant crops 
yield satisfactory. 
Source: (USSL, 1954) 
2-10 Leaching Requirements: 
The decrease in yield resulting from high soil salinity could be avoided or 
lessened by leaching excess salts below the root zone using irrigation 
water. When considering the amount of water to be applied, therefore, an 
additional amount of water, according to the salinity level, should be 
added. This is known as the leaching requirement (LR) (Bressler and 
Hoffman, 1986) and is given by the following equation (Ragab, 1996; 
Schleiff, 2006): 
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LR = Dd / Di = Ci / Cd = Wdr / Wi 
Where 
Dd: is the depth of water passing below the root zone as drainage water. 
Di: is the depth of applied irrigation. 
Cd: is the salt concentration of the drainage water above which yield 
reduction occurs (ds/m). 
Ci: is the salt concentration of the irrigation water (ds/m). 
Wi: is the applied irrigation water in mm. 
Wdr: is percolated drainage in mm. 
Although leaching may wash salts from the root zone, it can also result in 
leaching of nutrients. Leaching is required only when the salt 
concentration exceeds the ECe threshold. Leaching frequency may be 
decided according to the type of crop and the distribution of salts in the 
soil profile. Some salt tolerant crops can withstand delayed leaching. 
Many plants can compensate for reduced water up take from a highly 
saline soil layer by increasing the up take from a less saline zone with out 
yield reduction (Schleiff, 2006). As salt tolerance of many crops increases 
during the season, if salinity levels are low enough during the seedling 
stage and adequate amount of low-salt water are applied, soil salinity can 
be allowed to increase until the next crop (Ragab, 1996). More frequent 
irrigation has been assumed to reduce the effect of salinity. However, 
under high frequency irrigation soil surface is wetted more frequently. 
This is usually accompanied by high evaporation from the soil surface 
which will result in the concentration of salts in the surface layers. 
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Moreover, roots tend to absorb water preferentially from the upper soil 
layers when they are frequently wetted, while the uptake proceeds in 
deeper layers if the soil surface is allowed to dry under less frequent 
irrigation. Both processes of evaporation and water up take tend to 
concentrate salts closer to the surface layers under frequent irrigation 
(Riley and Barber, 1970; Rhodes et al., 1992; Schleiff, 2006). Leaching 
of salts from the root zone layer by excessive water percolating beneath 
the root zone remains the main practice to manage crop growth under 
salinity conditions (Schleiff, 2006). 
2-11 Drainage: 
Drainage is important to limit excessive amount of water in the rooting 
zone that hinder, drainage is essential for the removable of excess salts 
Fireman (1957).  Irrigation without drainage can cause water table to rise 
unduly (Dutt and Tanji 1962; Doneen et al., 1967 and Al-Jaloud and 
Husain 2004). 
2-12 Magnitude and extent of salt-affected soils in the 
Sudan: 
Sudan is a large country (2.5 million Km2) dominated by arid and semi-
arid tropical regions that favor the formation of salt-affected soils. 
Because of its size and limited resource, only those areas of Sudan with 
the most promising agriculture have been surveyed. Thus, the surveyed 
salt-affected soils constitute only a small proportion of the total area; 
witch is expected to be salt-affected. Salt-affected soils occur in 
Khartoum, Northern, Nile River, Kassala, Red Sea, Algezira, Algedarif, 
Blue Nile and the White Nile States (Sudan soil Survey Staff, 1976; 
Nachtergaele, 1976; Mustafa, 1986). 
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2-13 Acacia species: 
Acacia species cover about two – thirds of the Sudan. They extend from 
tropical rainforests in the south, through deciduous savanna woodlands in 
central Sudan, to the sub – desert of Northern Sudan. These different 
habitats, grading from humid tropical conditions to dry desert conditions 
(ELAmin, 1989).  Their various domestic-uses in the country contribute 
much to the national economy.  In addition to the multiple local uses of 
the Acacias, their timber is used for furniture buildings, railway sleepers, 
agricultural equipment, and as fire wood and Charcoal, and Gum Arabic 
from A. Senegal and other species. Tannins from the leather industry 
products from the pods bark and leave of A. nilotica and other species. A. 
albida is used as a shade tree for many agricultural crops, amongst which 
is tobacco. In an arid country like the northern and central Sudan, Acacia 
pods and leaves provide good fodder for domestic animals during the dry 
season. They are also utilized for many local medical purposes in the 
Sudan and other parts in Africa. In addition to these, soil reclamation 
measures use the   Acacias to stabilize sand dunes. (ELAmin, 1989). 
2-13-1 Acacia tortilis (Forsk) Hayne: 
Family leguminosae sub family mimosaideae is one of about 135 African 
acacia species.  Unlike the Australian acacias, African acacias are armed 
with thorns and produce highly palatable pods. Acacia tortilis is a 
variable species, with six intraspecific taxa including four recognized sub 
species in Sudan, tortilis, spirocapa, heteracantha, and raddiana 
(Brenan, 1983). Although some French authors consider ssp. raddiana 
separate species (A. raddiana), recent revisions treat it as sub species 
(Brenan1983; Ross, 1979). Acacia tortilis varies from multi-stemmed 
shrubs (ssp.tortilis), to trees up to 20 m tall with rounded (ssp. raddiana) 
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or flat-topped (ssp. heteracantha and spirocapa) crowns. The presence of 
very long thorns and two thorn types, long –straight and shorter –hooked 
distinguish Acacia tortilis from other acacia species in Africa 
(Fagg.1991). The alternate leaflets (usually <1mm wide) are smaller than 
those of most bipinnate acacias white or pale-yellow fragrant flowers 
cluster in 1cm diameter round heads. Flowering is prolific with up to 400 
flowers /meter twig. Flowers later develop into bunches of spirally 
twisted, pods witch vary considerable in size depending on provenance 
but range from 8 to 12 cm long (Fagg.1991). Acacia tortilis occurs from 
sand dunes and rocky scarps to alluvial valley bottoms, avoiding 
seasonally water logged site. It is a drought resistant species, grows in 
areas with annual rainfall as low as 40 mm, with a dry season of 1-12 
month (Ross, 1979). The vegetation type of the Sudan dominated by 
Acacia tortilis comprises 37.9% of the semi-desert scrub division that 
cover 190,000 miles. Acacia tortilis ssp, raddiana and Acacia tortilis ssp. 
spirocapa are of wide occurrence in Sudan (Harrison and Jackson, 1958). 
Acacia tortilis grows in hot arid climates with maximum temperature as 
high as 50º c. However, plants less than 2 year old are easily damaged by 
frost. The species is not apparently particular to water-logged sites. In 
Negev and Sinai desert, the boundaries of the distribution area of 
subspecies tortilis are closely correlated to the average of 32 º c for 
January, whereas that of sub species raddiana exceeds that of sub species 
tortilis, this may be due to its ability to tolerate a wide range of 
temperature (Halevy and Orshan, 1972) Acacia tortilis is reported to grow 
especially well on deep alkaline soil.  Bosshard (1966) recommended it to 
be used in parts of the saline and sodic-soil of the khartoum green belt. 
The performance of Acacia tortilis at different EC and SAR levels of 
irrigation waters when compared with over all   performance of the 
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different forest species showed that the species is semi-tolerant to salinity 
(Ibrahim.1983). 
2-13-2 Acacia mellifera (vahl) Benth: 
Shrub 1-9 m high; crown round, branching from base. Bark smooth, grey 
to brown; lenticels white, horizontal. Young branches glabrous to 
pubescent. Stipules not spine scent; prickles in pairs below each node, 
brown to black, falcate, 2 – 6mm long. Leaves 2 – 3 cm long. Petiole 
glandular with a dark brown pubescent pulvinus 0.8 – 2.5long. Rachis 
glabrous to pubescent, glandular between the top 1 – 2 pinnae pairs, 
grooved ad axially 2 – 3cm long. Pinnae 2 – paired, with a dark pubescent 
pulvinus 5 – 6 mm long. Leaflets 1- paired only, stalked with a 1mm long 
stalk, obliquely obovate to obovate elliptic, glabrous or pubescent, apex 
rounded, emarginated or sub acute and often apicaulate at apex. Venation 
is visible on sides, midrib lateral and not central, and 3.5 – 22mm x 2.5 – 
16 mm. Inflorescence cylindrical spikes 4 – 5 cm long. Flowers white-
cream, pedicel late 0.75 – 1.5mm calyx 0.6 – 1mm long glabrous, yellow 
to pinkish, 5 – 1 old. Corolla yellow - pinkish or pink, 2.5 – 3.5mm long, 
5 – lobed. Stames 4 – 7mm long, glandular, free or united up to 1mm 
length. Ovary glandular, 1.5mm long; style 7mm long; stipe 1mm long 
.Pods yellow straw-color, oblong, straight, dehiscent, membranous, apex 
round acuminate or a piculate at apex, 4.5 – 8 cm long, 13.3 – 2.5 cm 
wide, venation horizontal. Seeds 3 – 5 in pod and lie horizontally or 
biculor or ovate, 6 – 7 x 5 – 6 mm areole central crescent shape, 1.8 – 
2.5mm; funicle 8.5 mm; flowering June – September; fruiting January – 
March.(ELAmin, 1989).Tall rounded shrub or small tree with ball-shaped 
crown, reaching occasionally 9m in height in the southern limit of its 
distribution branches covered with very sharp recurved thorns (ELAmin, 
1981). The smooth grey bark with white lenticels on the young branches 
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and shoot, can be differentiated from its resembling relatives A.laeta, A. 
senegal, A. gourmaensis and A.dudgeoni by its leaves which have only  
1-2 pairs of pinnae with 1-2 pairs of leaflets, obliquely ovate or obovate, 
quite asymmetrical also by the fact that it simultaneously develops leaves 
and flowers in the early rainy season.  Young leaves may, however, 
appear well before the onset of the rains; it them constitutes a most 
appreciated browse, especially to goat and camels .prickles are recurved 
and set in axillary pairs. The fragrant flowers are white to cream-colored, 
3.5cm long, and gathered in short, dense, hanging spikes. Pods are flat, 
ablong, 3 - 8 x 1.5 – 2.5 cm, hemmed, with slightly constricted margins 
between the seeds, papery reticulate with a bunt top, generally containing 
three seeds (ELAmin, 1981). Acacia mellifera spreads wildly in Africa, 
occurring in Egypt, the Sudan, Somalia, Ethiopia, Eastern and southern 
Africa. In Kenya, it occurs at altitudes between 1000 and 1400 mm (Von 
Meydell, 1986). It occurs in the rain fall belts between 400 and 800 mm 
MAR., but down to the 100mm isohyets in  the Sudan along the drainage 
net works e.g.Wadi alMlik, in kordofan (ELAmin, 1981). The tree is 
usually found on clay soils, but can grow on most soils (Von Meydell, 
1986); the leaves of Acacia mellifera are very cherished by goats which 
either are browsed from standing shrubs or are picked up when they fall 
to the ground. The young leaves, which usually appear in February, are 
very much liked by goats and where it is dominant, A. mellifera 
contributes very considerably to their diet.  
2-13-3 Acacia seyal Brenan: 
A. seyal var .seyal is atypical tree of African semi arid zones (Von Mey 
dell 1990). It is locally known as talh and belongs to the family 
mimosceae. Under favorable conditions, the small to medium. Sized tree 
reaches a height of 17m, has a stem diameter of 60 cm, and develops a 
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characteristic umbrella-shaped crown. The bright green bark is covered 
with a pale grey either –green or rust – red powdery coat. Twigs have 
paired; up to 7cm long, straight pointed, and light grey thorns. The dark 
green leaves have 4 to 12 pairs of pinnae and 10 to 22 pairs of leaflets. 
Flowers aggregate in shiny yellow globose heads (ElAmin, 1981). In 
Sudan it is the most wide spread Africa species and mainly found in grass 
and woodland savannas (ElAmin, 1990). It is adapted to survive under 
harsh environmental conditions such as low and erratic rainfall, intense 
solar radiation and high wind velocity and is a sustainable a 
grosilvopastoral component (Bukhari, 1998).  Acacia seyal Delile is one 
of over 80 African acacias refer to group of sub genus acacia (ElAmin, 
1981).  The species usually reaches 9-10m in height at maturity and in 
well    formed individuals; a flat-topped crown develops. There are two 
varieties differing primarily in whether or not pseudo- galls ('' ant galls '') 
develop and in bark color; in variety seyal there are pseudo_ galls and a 
reddish bark color prevails; although periodic bark   exfoliation exposes a 
pale powdery surface which darkens slowly (Booth and Wickers, 1988). 
In variety Fistula, pseudo - galls are present and the powdery bark 
typically remains whitish or greenish – yellow. Both varieties have 
paired, straight, strong, pale – colored, stipular spines up to 8 cm long 
which in variety Fistula are often fused at the base into the in flatted 
pseudo_ galls (Hall and Mc Allan, 1993). The range of Acacia seyal 
extends from Senegal east wards to western Somalia and the coastal low 
lands east of the Red sea, and from the Nile valley of southern Egypt to 
southern Zambia (Booth and Wickers, 1988)It occurs in two varieties: 
variety seyal and variety fistula. Variety seyal occurs mostly on flat land 
with impeded drainage (Ahmed, 1985). The two varieties differ markedly 
in their ranges- var. seyal extends west wards from central Sudan and 
north of latitude 18º N and var. fistula extends south of latitude 10º S 
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(Booth and Wickers, 1988) ElAmin, (1989) reported that the habitat of 
Acacia .seyal is dark cracking clay. It is found often on higher slopes of 
the rivers and valleys in addition to the hard clay plains of central Sudan, 
and in clay depression areas where water is accumulating part of the year. 
A .seyal widely spreads all over the Sudan, else- where in northern 
tropical Africa to Egypt. Variety fistula is found in East Africa, 
Portuguese East Africa, Nyasaland and Rhodesia ElAmin, (1989). 
According to Adams (1967), relation ships with soil are well-defined. 
There is a unusual degree of adaptation for deep, heavy soils (PH 6-8) 
accumulated at low point in a landscape formet directly from fine grained 
rocks, such as shale, and readily weathered volcanic material .The specie 
is an important multipurpose tree for rural population providing building 
material, fiber, fodder, shade and timber (Wickens  et al., 1995). 
2-13-4 Acacia Senegal: 
Shrub to small tree 2 – 12 m. Bark yellow to light brown or grey, rough, 
fissuring or flaking. Young branch lets grey, yellow or brown, pubescent 
to glabrous, with horizontal slit –like lenticels. Stipules not spine scent. 
Prickles at nodes, in threes 2 lateral pointing up word or forward and one 
central pointing downward or backward, falcate, dark brown with a grey 
base, 4 – 7 mm long leaves 1 – 6 cm long. Petiole glandular, 0.3 – 0.6cm. 
Rachis pubescent and glandular between the end 1 – 5 pinnae .  pinnae 2 
– 6 paired, 0.5 – 3 cm long. Leaflets 8 – 18 paired 1 – 6 x 0.5 – 2 mm, 
linear to elliptic oblong, ciliclate on margins, glabrous or pubescent, apex 
obtuse to sub acute. Inflorescence cylindrical spike, 2 –10cm long, on 
peduncles 0.7 – 2cm long pubescent or glabrous. Flowers white or cream, 
sessile. Calyx pubescent, 2 – 0.7mm, 5 – 6 lobed, creamy or pinkish. 
Corolla glabrous, cream. 2.5 – 0.3 mm. stemens glandular, 4 -7mmlong. 
Ovary glabrous 0.7mmlong; style 4.5mmlong; stipe 0.2mm long. Pods 
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pale brown to straw-colour, membranous, dehiscent, pubescent, flat, 
straight, oblong, apex rounded to acuminate, 3 -14cm long, 1 – 3.3cm 
wide. Seeds orbicular 8 – 12 mm diam; yellow or pale brown, 
compressed; areole central, crescent-shaped, 1.5 – 6 x 2.5 – 5 mm; funicle 
7.5mm long. Seeds lie vertically on pods. Flowering November – 
February; fruiting January – April. (ElAmin, 1989).The habitat of Acacia 
Senegal is on sandy and clay plains of savanna grasslands and distributed 
in central Sudan, a continuous belt from east to west, through more 
successful on the western sand plains of Kordofan and darfur; pure or 
mixed with A.mellifera (ElAmin, 1989) 
2-13-5 Acacia nubica: 
Shrub 1-5 m high. Crown obconical, branches from base. Bark smooth 
green grey or whightish green. Young branches pubescent, green, grey- 
brownish green. Stipules spine scent. Spines straight, pubescent, white 
with brown tips, 0.4 -2cm long. Leaf1.5 – 8.8cm. Petiole, 0.4-1.3cm long 
pubescent, glandular. Rachis 1.5 – 7.5 cm long, pubescent, glandular, ad 
axially channeled prinnae 5 – 11 paired, 1.5 – 1.8 cm long. Leaflets 5 – 
15 paired 2.5 – 6 x 0.5 – 2 mm. ciliolate, apex acute to sub acute. 
Inflorescence in globose heads; peduncle  pubescent, 0.5 – 1.5 cm long 
involucel on lower half of peduncle; floral bract white to cream, spook – 
like, 2mm long lobe 0.5 mm wide. Calyx 5-6 lobed, pink green tipped 
glabrous, 3 x 0.3 mm. Stamens free, 5 mm long, anthers red. Ovary 
brown, glabrous 1mm long; stipe 1mm long. Pods straight, coriaccous, 
dehiscent, yellow or straw-colour, 4 – 12 x 1.2 cm, pubescent, apex 
obtuse, margin flattened in to wing-like projections, venation 
longitudinal. Pod is divided into distinct septae but without any 
constrictions along the margins. Seeds 10 – 12 to the pod, globose, grey 
to olive grey,5 – 6 x 4 – 5 mm, surface wrinkled and they lie 
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longitudinally or obliquely in the pod; areole circular, closed, marginal; 
funicle circular, closed marginal; funicle dark brown, 5.5 mm long. 
Flowering November – January; fruiting January – May (ElAmin, 1989). 
The habitat of Acacia nubica is semi – desert or dry savanna woodlands 
on dry hard clays; it also appears on denuded and over cultivated clay 
fields. It is distributed in Central and Northern Sudan, (East Africa from 
Egypt South wards to Ugands, Kenya, Tanganyika (ElAmin, (1989). 
2.14 Red Sea Environment: 
2.14.1 The area: 
The Red Sea is a narrow elongated body of water running N/NW-S/SE 
(directions) between the landmasses of Africa and Arabia (Morocs, 
1970). It branches at its northern end into the Gulf of Suez and Agaba 
while, in the south, it meets Gulf of Aden and Indian Ocean (Morocs, 
1970).  
2.14.2 Geomorphology: 
The coast of Red Sea extends through a vast area of desert and semi-
desert land called Tohama and typically bounded by narrow (1-50Km) 
coast strip, backed by high hill which rise to 3000m in some regions 
(Guilcher,1955; and Dubertret 1970),( side of Suadia Arabia). 
2.14.3 Ecosystem: 
The Red Sea is a unique tropical marine system, which is characterized 
by highly diversified rich and varying fauna and flora. This ecosystem is 
exposed to extreme natural influences: intensive sun irradiation, constant 
hot winds, and subsequent highly evapotranspiration with negligible 
inflow (Abu Gideiri 1984). Klausewitz(1964) suggested that during its 
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long period of isolation, the Red Sea must have  dried up sufficiently for 
its entire previous fauna to have been lost .This time of drying may have 
given rise to the extensive evaporated deposits that provide a potential 
source of exploitable  mineral deposits in the region. 
2.14.4 Climate: 
2.4.14.1 Wind: 
In the northern Red Sea, the prevailing wind direction is N/NW during 
winter and southerly winds that blow during summer. In the southern Red 
Sea (south of 20° N) the prevailing wind direction in the summer is 
northerly whilst in the winter is S/SE (UNEP, 1985). 
2.14.4.2 Temperature and rainfall: 
The worm east zone of the Red Sea is between 20° N and 16° N. The 
shores of the Gulf of Aden are considered to be among the hottest regions 
of the world. 
Rainfall throughout the Red Sea is very low and subject to great 
variations from year to year. Table-1 shows the average annual 
temperature and rainfall 
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Table (2-3) The maximum and minimum air temperature and average 
rainfall for different locations in the Red sea. 
Location Max.Temperature 
(centigrade) 
Min.Temperature 
(centigrade) 
Average Rainfall 
(mm/year) 
Suez 
Jeddah 
Massawa 
Perim 
39 
42 
43 
39.5 
06 
13.5 
19 
24 
21 
63 
193 
43 
Source: Morocs,1970 
2.14.5 Salinity: 
Salinity and temperature of water are higher than in other seas of the 
world (Abu Gideiri, 1984). Salinity of 41* 103mg/dm3(64.1 dsm-1)are 
common in subsurface water at the north end of the Red Sea and these 
decreases steadily to36-37*103mg/dm(56.3-57.8 dsm-1) in the Gulf of 
Aden ,because of the influence of water exchange in the southern Red 
Sea and a higher level of fresh water input. The salinity, at any latitude, is 
higher in autumn than spring (Morocs, 1970). 
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CHAPTER THREE 
Materials and Methods 
3-1 Materials 
Two experiments were carried out; one a preliminary germination test in 
the laboratory of Desertification and Dessert cultivation Studies Institute, 
University of Khartoum, to test the effect of salinity on germination the 
select species . The second was a pot experiment carried out during the 
period February/ June 2008 for the appraisal of the potential use of Red 
sea water mixed with fresh water for irrigation. Sea water was brought 
from the Port Sudan, Red Sea State. Tree seed were procured from Tree 
Seed Centre of the Forest Research Soba – Khartoum. 
Five types of trees were selected for this study and their seeds were: 
a- Acacia tortilis provenance ALgadarif 
b- Acacia seyal provenance Aldamazin 
c- Acacia senegal provenance ALgadarif 
d- Acacia mellifera provenance ALgadarif 
e- Acacia nubica provenance Aldamazin 
Soil used for the experiment was red loamysand soil brought from 
Western Omdurman (Salha site) of ECe 4.36 dsm-1, SAR 4.61, pH 7.7, 
Field Capacity 13%, Sand82.3%, Silt3.2% and Clay 14.5%. Irrigation 
water was a main pure % Red Sea water of ECe 57 dsm-1 and tap water of 
ECe 0.4 dsm-1. The sea water Cations and Anions (me/L) were; Na 653, 
Ca 28, Mg 121 ,K 138.1, Cl 835, HCO3 14.7 ,SO472,4. 
The electrical conductivity of mixed Red Sea water and freshwater was 
measured according to the formula given by Richards.et al.,   (1969) as 
follows: 
 27
ECM =   ECS VS  + ECF VF  . 
VS + VF 
 
Where:- 
ECM = EC of mixed Seawater with freshwater 
VS and ECS = Volume and Electrical conductivity of Seawater. 
VF and ECF = Volume and Electrical conductivity of Freshwater 
3-2 Method 
3-2-1 laboratory germination test 
Petri dishes of 9 cm diameter were thoroughly washed with distilled 
water and heat-sterilized in oven 160ºC for    three hours. Filter papers   
were wetted by Red Sea water mixed with fresh water at different EC 
levels. Namely: 0.4 dsm-1 as control, 5 dsm-1, 10 dsm-1, 15 dsm-1   and 20 
dsm-1.The seeds were treated with concentrated sulphuric acid to 
eliminate the seed coat dormancy. Hundred dishes were arranged in a 
factorial design in the laboratory of Desertification and Dessert 
cultivation Studies Institute, University of Khartoum. Viz appendix 
(1).Observations were started on the second day of sowing and daily there 
after for 16 days. Data of number of germination per Petri dishes were 
collected. The data were subjected to analysis of variance by SAS 
program and the Duncan’s Multiple Range Test was used to detect the 
significance of differences among the means. 
3-2-2The pot experiment 
Hundred plastic pots (27 cm in height and 26cm internal diameter) were 
filled with loamy sand (7kg) and arranged in a factorial design at the 
forestry nursery Shambat University camp, Khartoum (appendix 2 and 3). 
Seed were treated concentrated sulphuric acid to eliminate the seed coat 
dormancy. Fifty seeds were sown in each pot and thinned to 10 
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germinants of equal height uniformly distributed in the pot. Standard 
cultural operations were applied all through the experimental period. 
During the first five weeks pure tap water was used for irrigation every 
other day. There after, mixed sea water/tap water at different salinity 
level was used for irrigation. According to the calculated soil field 
capacity, the irrigation requirement was estimated at one liter per pot per 
irrigation and additional 25ml were added as leaching requirements. 
3-2-2-1 Data collection and parameter 
Plant parameters measured in the pot experiment were:- 
a- Survival percentage of seedlings 
b- Seedling shoots. 
c- Root length of seedling. 
d- Diameter at root collar of seedling. 
e- Shoot /root ratio. 
Measurements were taker three times in the first week, twice in the 
second week and ones in the third and 4th week then ones at the 2weeks 
and one at the 3 weeks. The final measurements were done after one 
month from the last measurement or after 18 weeks from the sowing. 
3-2-2-2 Statistical Analysis 
The data were subjected to analysis of variance by Statistical Analysis 
System (SAS) program and the Duncan’s Multiple Range Test was used 
to detect the significance of differences among the means. 
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CHAPTER FOUR 
Results and discussion 
4.1 Germination Test 
4-1-1 Effect of salinity 
The germination test experiment showed that the seeds germinated at 
water EC up to 10 dSm-1 ,  but failed at EC 15dSm-1 and 20 dSm-1, 
Statistical analysis showed  significant differences (P < 0.05) between EC 
10 dSm-1 from EC 0.4 dSm-1  and EC 5 dSm-1 as shown in Table 4-1 and 
Figure 4-1.The number of seeds germinated was higher (10 seeds) in the 
fresh water treatment through-out the experimental period compared to 
the different levels of salinity used . This is in agreement with Unger 
(1991) Zekri (1993) and ELnour et al., (2006) who reported that 
salinization results in general delayed seed germination). It is known 
from basic chemistry that the activity of solution constituents, including 
water, is reduced by the increase of ionic strength (salt concentration). It 
is, therefore, logical that the diffusion and reaction of water during seed 
germinated will be reduced by increasing salinity, leading to delay of 
seed germination. It is evident that the seeds of these plants studied lack 
the physiological and biological strategies that make them adapt to further 
salt stress. Such strategies include the accumulation of low molecular 
weight and osmolytes in the seeds embryo (Greenway and Munns., 
1980). 
 
 
 
 
 
 
 30
4-2 The pot experiment 
4-2-1 Effect of Treatments on Survival percentage of seedling: 
There was no significant difference (P < 0.05) between all Treatments 
during the first week of irrigation by saline water. The results showed that 
there is no significant difference (P < 0.05) between fresh water and EC5 
dSm-1 during the period of experiment. Statistical analysis showed 
significant differences (P > 0.05) between EC 10 dSm-1 and EC 0.4 and 
EC 5 dSm-1 collectively like wise between  EC 10 dSm-1 and EC 15    
dSm-1  Table 4-2. Survival percentage decreases at salinity levels           
20  dSm-1, 15 dSm-1and 10 dSm-1  Figure  4-2 . The final results showed 
that the most salinity- tolerant species were: Acacia mellifera , Acacia 
tortilis , Acacia senegal , Acacia nubica  and  Acacia seyal as shown in 
Table   4-3 This is in agreement with FAO (1998), Ragab (1996) who 
reported that soil salinity does not reduce crop yield significantly until a 
threshold value of ECe is reached. Beyond this value, yield decreases 
almost linearly as salinity increases. 
4-2-2 Effect of Treatments on Shoot length: 
The shoot length of tree species irrigated with fresh water and mixed red 
Seawater/ Freshwater are shown in Table 4-4 and Fig.4.3. Analysis of 
variance showed that there are significant differences(P < 0.05) between  
EC 10 dSm-1  and EC 5  dSm-1 it is  worth  mentioning that EC 5  dSm-1  
was not different from  EC 0.4 dSm-1. Highest shoot length was attained 
by seedlings irrigated with tap water (42.5cm) followed by EC 5 dSm-1 
(42.1cm) followed by EC 10 dSm-1 (6cm) there was no shoot germinated 
at EC 15 dSm-1 and EC 20 dSm-1 .This result is similar to the finding of 
Huffaker and Rains (1986) who reported that salinity problems inhibit the 
uptake of essential macronutrients such as nitrate, ammonium 
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Table 4-3. Effect of interaction Salinity and species on survival%.  
Days after growth Levels 
36 38 41 44 48 55 62 72  97  127  
S1 100a 100a 100a 100a 100a 100a 100a 100a 100a 100a 
S2 100b 100b 100b 100b 100b 100b 100b 100b 100b 100b 
S3 100c 100c 100c 100c 100c 100c 100c 100c 100c 100c 
S4 100d 100d 100d 100d 100d 100d 100d 100d 100d 100d 
C1 
S5 100e 100e 100e 100e 100e 100e 100e 100e 100e 100e 
Probabil
ity - - - - - - - - - - 
C.V - - - - - - - - - - 
F value - - - - - - - - - - 
S1 100a 100a 100a 100a 100a 100a 100a 100a 100a 100a 
S2 100b 100b 100b 100b 100b 100b 100b 100b 100b 100b 
S3 100c 100c 100c 100c 100c 100c 100c 100c 100c 100c 
S4 100d 100d 100d 100d 100d 100d 100d 100d 100d 100d 
C2 
S5 100e 100e 100e 100e 100e 100e 100e 100e 100e 100e 
Probabil
ity   - - - - - - - - - 
F value - - - - - - - - - - 
C.V 0 0 0 0 0 0 0 0 0 0 
S1 
100a 100a 100a 100 a 100 a 87.5a 
82.5 
b 
45   
b 45    b 
0       
e 
S2 
100b 100b 100b 100 a 97.5a 
90   
a 
75    
b 
0     
c 0     c 
0      
d 
S3 
100c 100c 100c 97.5a 
95   
a 
70   
b 
0     
c 
0     
c 0     c 
0      
c 
S4 100d 100d 100d 100 d 100 d 100 d 100 d 100 d 100 d 100  d 
C3 
S5 100e 100e 100e 100 e 100 e 100 e 100 e 100 e 100 e 100  e 
Probabil
ity  - - - 0.4380 
0.199
1 
0.006
7 
0.000
1 
0.000
1 0.0001 0.0001 
F value - - - 
1.00   1.71   5.42   
132.9
7      18.56  18.56    99999.9  
C.V 0 0 0 2.247
3  
3.467
7   
11.80
7 
10.05
3 
47.42
4  47.4243 0 
S1 
100a 100a 100a 
92.5 
a 
85    
a 
52.5b
a 
35b   
c 
0    
b 0    b 0a 
S2 
100b 100b 100b 
85b  
a 
67.5 
b 
15     
b 
0      
c 
0    
b 0    b 0b 
S3 
100c 100c 100c 
75    
b 
62.5 
b 
15     
b 
0      
c 
0    
b 0    b 0c 
S4 
100d 100d 100d 
92.5 
a 
92.5 
a 
75     
a 
52.5b
a 
0    
b 0    b 0d 
C4 
S5 
100e 100e 100e 
100  
a 
87.5 
a 
82.5  
a 
82.5  
a 65  a 45  a 0e 
Probabil
ity  - - - 0.0216 
0.001
6 
0.004
6 
0.000
9 
0.000
7 
0.0528 - 
C.V - - - 10.65
9 
12.22
9 
54.98
8 
71.44
1 
149.9
5 
258.199 - 
F value - - - 3.97   7.45   5.91   8.49   8.89   3.00     - 
S1 
100a 100a 
100  
a 
90     
a 
72.5 
b 
30   
b 
30    
b 0  a 0a 0a 
S2 
100b 100b 
97.5 
a 
77.5b
a 
55    
c 
0     
c 
0     
c 0  a  0b 0b 
S3 
100c 100c 
95    
a 
72.5  
b 
52.5 
c 
0     
c 
0     
c 0  a 0c 0c 
S4 
100d 100d 
100  
a 
80b   
a 
67.5 
b 
0     
c 
0     
c 0  a 0d 0d 
C5 
S5 
100e 100e 
100  
a 
90     
a 
90    
a 72.5a 72.5a 20a 0e 0e 
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Probabil
ity  - - 0.1991 
0.045
1 
0.000
1 
0.000
1 
0.000
1 
0.438
0 
- - 
C.V - - 3.467
7 
10.67
8 
10.29
9 
76.35
4 
76.35
4 
447.2
1   
- - 
F value - - 1.71   3.16   18.88  16.55  16.55  1.00   - - 
Values in the same column having different letter are significantly different by 
Duncan Multiple Range test (DMRT) 
C0 ≡ EC 0.4 dSm-1                                                                  S1≡ Acacia Senegal                                                                                             
C5 ≡ EC 5 dSm-1                                               S2≡ Acacia nubica                                                                
C10≡EC 10 dSm-1                                                                   S3≡ Acacia seyal                                                                                                    
C15≡EC 15 dSm-1                                                                   S4≡ Acacia tortilis                                                                                                
C20≡EC 20 dSm-1                                             S5≡ Acacia mellifera 
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 Fig. 4-1.Salinity effect of mixed Red Seawater- Freshwater in seed germination. 
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Fig. 4-2.Effect of Salinity Mixed Red Seawater/ Freshwater on survival%. 
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Table 4-5. Effect of interaction Salinity and species on seedling length 
(cm). 
Days after growth  
Treatment 36 38 41 44 48 55 62 72  97  127 
S1 13.75ba 16.5a 18.5a 21.5a 24.5a 27.5b 31.5  ba 34.5  ba 38.5  a 43.5  a 
S2 13.5    b 15.5a 17.5a 20.5a 23.5a 25   d 22.25c 29.75ba 35.75a 40.75a 
S3 11.75  c 14   b 16    b 19   b 22    b 24   e 26.25b 34     c 35      a 40      a 
S4 14.75  a 16.5a 18    a 21.5a 24.5a 27   c 31     bc 28.5  ba 39.25a 40.25a 
C1 
S5 14.25ba 16   a 18    a 21   a 24    a 28   a 32     a 35    a 39      a 44      a 
Probability 0.0004 0.0006 0.0006 0.0006 0.0006 0.0001 0.0713 0.0713 0.2149 0.2149 
C.V 5.36983 4.35115 3.85949 3.30015  2.88241 0.98175 11.4286  10.3737 8.21922 7.25225 
F value   9.75   9.21        9.21          9.21        9.21 177.00       2.69        2.69         1.64        1.64      
S1 13.75a 16.25a 18.25a 21.25a 24.25a 27.25a 31.25a 34.25a 38.5a 43.5 a 
S2 13.5  a 15.25b 17.25b 20.25b 23      b 25      b 29      b 32     b 36    c 41    c 
S3 12.75a 13.5  c 15.5  c 18.5  c 21.5   c 24      c 28      c 31     c 35    c 40    d 
S4 14.75a 16b   a 18b   a 21     ba 24b    a 27      a 31      a 34     a 38    b 43    b 
C2 
S5 14.25a 16.25a 18.25a 21.25a 24.25a 27      a 31      a 34     a 38    b 43    b 
Probability  0.3052 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
F value 1.33 15.50      15.5 15.50 15.50 171 171.00 171.00     138.00     138.00 
C.V 9.54029 3.82918 3.39030 2.89295 2.52285  0.85838 0.74412 0.67657 0.69595 0.6133  
S1 14.75a 14.25a 16.25a 18.25a 19.75a 21.75a 22.75a 21.5 a 19      a 0    c 
S2 14      a 14.5  a 16.5  a 18.5  a 19.5  a 21.5  a 0        b 0        c 0        b 0    c 
S3 12.25a 13.75a 15.75a 17.75a 14.25a 20.75a 0        b 0        c 0        b 0    c 
S4 15      a 14.5  a 16.5  a 18.5  a 18.75a 21.5  a 22.5   a 18.5ba 18      a 18 a 
C3 
S5 14.25a 14.25a 16.25a 18.25a 19.25a 21.25a 22.25a 13.5   b 12.75a 12 b 
Probability 0.9161 0.0006 0.9161 0.9161 0.8544 0.8544 0.0001 0.0014 0.0001 0.0001 
C.V 16.8679 8.92268  7.82451   6.96703 6.83657 6.19614 6.19748 41.6228 46.7634 59.6285 
F value 0.23       9.06 0.23       0.23       0.33       0.33       868.04 20.81 16.28      22.50 
S1 13.7bac 14.5  a 16.5  a 17.5  a 17.5  a 18.5  a 19.5 a 0   e 0  e 0a 
S2 13.5bc 12.75b 14.75b 15.75b 15.75b 16.75b 4.5    b 0  b 0  b 0b 
S3 13   c 13.75a 15.75a 16.75a 16.75a 17.75a 0       b 0   c 0  c 0c 
S4 14.75a 14.5  a 16.5  a 17.5 a 17.5  a 18.5  a 14.75a 0   d 0  d 0d 
C4 
S5 14.25a 14     a 16     a 17    a 17     a 18     a 19     a 16a 15a 0e 
Probability 0.0256 0.0056 0.0056 0.0056 0.0056 0.0056 0.0008 0.0001 0.0001 - 
C.V 5.01965 4.35633 3.80837   3.58302 3.58302 3.38285 51.7915 0 0 - 
F value 3.78 5.66       5.66       5.66       5.66       5.66       8.72       99999.9   99999.9   - 
S1 13.75ba 13      b 15.0ba 16b    a 16     a 16    b 17    b 0  e 0a 0a 
S2 14     ba 13      b 15.0ba 16b    a 14      b 0      c 0      c 0  b 0b 0b 
S3 13.25b 13      b 9.25   c 15.25b 12.75b 0      c 0      c 0  c 0c 0c 
S4 14.75a 13.75a 14.25b 16.5  a 14     b 0      c 0      c 0  d 0d 0d 
C5 
S5 14.25ba 14      a 15.5  a 16.5  a 16.5 a 16.5a 17.5a 14a 0e 0e 
Probability 0.2013 0.0001 0.039 0.0391 0.0017 0.0001 0.0001 0.0001 - - 
C.V 6.11678 1.67496  3.73908 3.50612 7.8325 3.97229 3.74201  0 - - 
F value 1.70 19 3.32       3.32       7.37       4755.00   5358.00 99999.9 - - 
Values in the same column having different letter are significantly 
different by Duncan Multiple Range test (DMRT) 
C0 ≡ EC 0.4 dSm-1                                                                  S1≡ Acacia Senegal                                       
C5 ≡ EC 5 dSm-1                                             S2≡ Acacia nubica                            
C10≡EC 10 dSm-1                                                                   S3≡ Acacia seyal                                               
C15≡EC 15 dSm-1                                                                   S4≡ Acacia tortilis                                             
C20≡EC 20 dSm-1                                           S5≡ Acacia mellifera 
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and inorganic phosphorus in seedlings. Abrol et al., (1988) who reported 
that Salinity adversely affects plant growth through toxicity of ions such 
as sodium, chloride and boron. As rule toxicity symptoms occur only in 
woody plants; non woody species may often accumulate the elements in 
their leaves with out showing apparent damage .The greatest shoot length 
was attained by Acacia mellifera, Acacia tortilis, Acacia Senegal, Acacia 
nubica and Acacia seyal as shown in Table 4-5. 
4-2-3 Effect of Treatments on root length 
Effects of salinity treatments on the root length are shown in Table 4-6, 
Fig 4-4. Analysis of variance gave significant differences (P ≤ 0.05) 
between EC 0.4 dSm-1 and EC 5 dSm-1, but there were significant 
differences (P ≤ 0.05) between EC 10 dSm-1 and tap water and EC    
5dSm-1 collectively . The longest root was attained by Acacia mellifera, 
Acacia tortilis, Acacia Senegal, Acacia nubica and Acacia seyal as shown 
in Table 4-7 
4-2-4 Effect of Treatments on Diameter at root collar of 
seedlings 
There was no significant difference (P > 0.05) between EC 5  dsm1 and  
EC 0.4 dSm-1,but the variation of effect of salinity on diameter at root 
collar of seedlings was great between tap water and EC 10 dsm-1 ,also 
between EC 10 dSm-1and EC 5 dsm-1   as shown in Table 4-8 and Fig 4-5. 
The difference was also substantial between species as shown in Table   
4-9. 
4-2-5 Effect of Treatments on Shoot /root ratio. 
Shoot/root ratio results indicated that no significant differences (P < 0.05) 
were obtained between EC 0.4 dsm-1 and EC 5 dsm-1 but showed 
significant differences (P > 0.05) between EC 10 dsm-1 and tap water and 
EC 5dsm-1 collectively, as shown in Table 4-10 and Fig 4-6.  
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Table 4-7. Effect of interaction Salinity Mixed Red Seawater/ Freshwater and 
species on Seedling root length (cm). 
Days after growth Levels  
36 38 41 44 48 55 62 72 97 127 
S1 13.75ba
c 14.75c 
16.75b
c 
19.75b
c 
22.75b
c 25.75c 29.75c 32.75c 33c 38c 
S2 13.5 
bc 14.25c 16.25c 19.25c 22.25c 25d 
27     
d 
30     
d 31d 34d 
S3 
12.7c 14.25c 16.25c 19.25c 22.25c 24e 
26     
e 
29     
e 30e 34e 
S4 
14.7a 
14.25b
a 
17.25b
a 
20.25b
a 
23.25b
a 27b 
31     
b 
34     
b 35b 39b 
C1 
S5 
14.2ba 15.75a 17.75a 20.75a 23.75a 28a 
32     
a 
35     
a 36a 39a 
Probabil
ity  0.0161 0.0025 0.0025 0.0025 0.0025 0.0001 0.0001 0.0001 0.0001 0.0001 
C.V 5.2920
1 
3.3670
0 
2.9673
6 
2.5188
9 
2.1881
8 
0.8616
8 
0.7670
9 
0.6955
1 
0.6745
3 
0 
F value 4.31 6.80 6.80 6.80 6.80 201.00 529.00 529.00 529.00 99999.
9 
S1 
13.75a 
15      
a 
17      
a 
20      
a 
23      
a 26b 30 b 33b 34b 36b 
S2 13.5   
a 115.5a 
16.5  
a 
19.5  
a 
22.5   
a 25c 29 c 32c 33c 35c 
S3 12.75a 13.75a 15.75a 18.75a 21.75a 24d 28 d 31d 32d 34d 
S4 14.75a 14.75a 16.75a 19.75a 22.75a 27a 31 a 34 a 35a 37a 
C2 
S5 14.25a 14.25a 16.25a 19.25a 22.75a 27a 31 a 34 a 35a 37a 
Probabil
ity 
0.3052 0.5412 0.5412 0.5412 0.5412 0.0001 0.0001 0.0001 0.0001 0.0001 
F value 1.33 12.99 0.80 0.80 0.80 25.50 25.50 25.50 25.50 25.50 
C.V 9.5403 0.80 6.5190
3 
5.5135
3 
4.7767
5 
2.0015
4 
1.7328
8 
1.5743
8 
1.5278
0 
1.4424
5 
S1 14    
a 14.25a 15.25a 17.25a 18.75a 20.75a 21.75a 20.25a 18.5a 0c 
S2 
13.5a 14.25a 15.25a 17.25a 18.25a 20.25a 0   b 
0       
c 
0       
b 0  c 
S3 
12.5a 13.75a 14.75a 16.25a 17.75a 19.75a 0   b 
0       
c 
0       
b 0  c 
S4 
14.5a 
15     
a 
16     
a 
18      
a 
19     
a 
21      
a 22a 
18b   
a 
18     
a 18a 
C3 
S5 
14   a 
15     
a 
15.667
a 
18     
a 
19     
a 
21     
a 22a 
13.25b
a 12.75a 12b 
Probabil
ity  0.7948 0.4547 00.5893 
0.4547 0.3991 0.3991 0.0001 0.0001 0.0001 0.0001 
C.V 17.170
1 
7.6333
9 
7.1526
0 
6.3210
6 
5.6109
6 
5.0648
8 
4.2793
3 
40.999
6 
44.773
8 
59.628
5 
F value 0.42 0.97 0.73 0.97 1.08 1.08 1820.3
7 
21.26 17.67 22.50 
S1 13.75b
a 
14.75b
a 14.75a 
15.75b
a 15.75b 
16.75b
a 13.75a 0   e 0e 0a 
S2 14b   
a 13.75b 13.75a 14.75b 14.75b 15.75b 
0       
b 0   b 0b 0b 
S3 
13.25b 14.25b 
14.5  
a 
15.5  
ba 
15.5  
ba 16.5ba 
0       
b 0   c 0c 0c 
S4 
14.75a 
15.5  
a 
15     
a 
16      
a 
16     
a 
17      
a 
17.5   
a 0  d 0d 0d 
C4 
S5 14.25b
a 14.25b 
15     
a 15.5ba 15.5ba 
16.5b 
a 17.75a 16a 15a 0e 
Probabil
ity  0.2013 0.0153 0.3179 0.1915 0.1915 0.1915 0.0010 0.0001 0.0001 - 
C.V 6.1167
8 
4.3617
6 
6.2525
4 
4.5619
8 
4.5619
8 
4.2855 52.741
2 
0 0 - 
F value 1.70 4.38 1.29 1.75 1.75 1.75 8.28 99999.
9 
99999.
9 
- 
C5 S1 13.5   
a 14.25a 
14     
a 
15     
a 
15     
a 
15     
a 
15     
a 0  e 0a 0a 
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S2 
13.75a 14.25a 
14.5  
a 
15.5  
a 
14b   
a 
0       
b 
0       
c 0  b 0b 0b 
S3 12      
b 12.75b 12.75b 13.75a 12.75b 
0       
b 
0       
c 0  c 0c 0c 
S4 
14.25a 14.25a 14.25a 15.25a 
14     
ba 
0       
b 13.75c 0  d 0d 0d 
S5 
14.25a 14.25a 14.25a 
15.5  
a 15.25a 15.25a 
21.5  
a 14a 0e 0e 
Probabil
ity  0.0021 0.3066 0.0333 0.0469 0.0682 0.0001 0.0001 0.0001 - - 
C.V 5.1307
9 
5.7794 5.5615
8 
5.2527
2 
8.4311
2 
7.0772
6 
11.666
4 
0 - - 
F value 7.09 1.32 3.42 3.12 2.74 1497.5
5 
552.78 99999.
9 
- - 
Values in the same column having different letter are significantly different by 
Duncan Multiple Range test (DMRT) 
C0≡EC0.4 dSm-1                                                                  S1≡AcaciaSenegal                                                                                                  
C5≡EC 5 dSm-1                                              S2≡ Acacia nubica                                                                 
C10≡EC 10 dSm-1                                                              S3≡ Acacia seyal                                                                                                       
C15≡EC 15 dSm-1                                                              S4≡ Acacia tortilis                                                                                                   
C20≡EC 20 dSm-1                                          S5≡ Acacia mellifera 
 
Table 4-9. Effect of interaction Salinity and species on Seedling diameter at root 
collar (mm). 
Days after growth Levels 
36 38 41 44 48 55 62 72  97  172  
S1 0.8    
b 
0.9    
a 
0.97  
b 1.2  b 
1.4    
a 1.7c 1.85c 2.15c 2.25c 2.57c 
S2 0.97  
a 
1.05  
a 
1.15  
a 1.37a 
1.47  
a 1.9a 2.1  a 2.4  a 2.5  a 2.8  a 
S3 0.825b
a 
0.97  
a 
1.075b
a 1.25ba 1.475a 1.8b 
2     
b 2.3  b 2.4  b 2.7  b 
S4 
0.90ba 0.975a 
1.075b
a 1.3ba 
1.5     
a 1.9a 2.1  a 2.4  a 2.5  a 2.8  a 
C1 
S5 
0.95ba 1.025a 
1.1b  
a 1.35a 
1.52   
a 1.9a 2.1  a 2.4  a 2.5  a 2.8  a 
Probabil
ity 
0.0956 0.3704 0.2261 0.0949 0.5393 0.0001 0.0001 0.0001 0.0001 0.0012 
C.V 11.047
1 
10.887
1 
9.3795
3 
7.1193
4 
7.0565 0.0000
0 
2.2030
2 
1.9193
7 
1.8403
9 
0.8175
8 
F value 2.41    1.15    1.60    2.41    0.81    99999.
9 
24.00 24.00   24.00 79.00 
S1 0.8     
b 
0.95   
a 
1.04   
b 1.2  b 
1.45  
a 
1.6     
d 
1.8c   
b 
2.1     
c 
2.2     
d 
2.5    
b 
S2 
1.150a 1.050a 
1.4     
a 1.55a 
1.65  
a 
1.8     
a 
2       
a 
2.3    
a 
2.4     
a 
2.67  
a 
S3 
0.875b 
1.15   
a 1.075b 1.28b 
1.55   
a 
1.67   
c 
1.87   
b 2.175b 2.275c 2.475b 
S4 
0.95ba 1.050a 
1.15   
b 1.35ba 1.525a 1.75ba 
1.95  
a 
2.25  
a 2.325b 
2.7    
a 
C2 
S5 0.9    
b 
1       
a 
1.1     
b 
1.3   
b 1.675a 
1.7b   
c 1.85cb 2.15cb 
2.3c  
b 2.75 a 
Probabil
ity 
0.0293 0.6117 0.0307 0.0293 0.3903 0.0001 0.0001 0.0001 0.0001 0.001 
F value 3.63    0.69    3.58    3.63    1.10    19.71 13.91   13.91   21.25 5.01    
C.V 14.806
8 
17.200
5 
12.240
0 
10.370
3 
11.214
5 
2.0033
1 
2.2595 1.9506
8 
1.3749
0 
4.2387
6 
S1 
1.125a 1.425a 1.325a 1.425a 
1.25   
a 
1.5    
a 
1       
b 
0.7     
b 0.5 b 
0      
c 
S2 
0.725a 0.675b 0.925a 1.025a 1.175a 
1       
c 
0       
c 
0       
c 
0     
c 
0      
c 
S3 
0.875a 0.925b 1.075a 1.175a 1.225a 
1       
c 
0       
c 
0       
c 
0     
c 
0      
c 
C3 
S4 
0.775a 0.875b 0.97  1.025a 1.2    1.275b 1.375a 1.275a 1.15a 0.85a 
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a a 
S5 
0.85 a 
0.95  
b 
1.05  
a 
1.15  
a 1.075a 1.325b 1.425a 1.325a 1.2a 0.55b 
Probabil
ity 
0.6271 0.0338 0.6271 0.5690 0.9633 0.0001 0.000 0.0001 0.0001 0.0001 
C.V 43.617
6 
30.582
3 
35.464
8 
32.408
9 
30.132
6 
5.7959
6 
9.3040
4 
10.713
7 
22.649
0 
39.123
0 
F value 0.66    3.47    0.66    0.76    0.14    37.85 406.65 338.65  83.28 52.75 
S1 
0.675b 
0.8     
a 0.77a 0.975b 1.025b 1   b 0.9  b 0e 0   e 0a 
S2 0.90   
a 0.975a 1.1  a 
1.2     
a 1.05ba 0.8c 
0     
c 0b 0   b 0b 
S3 0.8b   
a 0.925a 1b   a 
1.1b   
a 1.025b 0.8c 
0     
c 0c 0   c 0c 
S4 0.9     
a 0.975a 1.1  a 
1.1     
a 
1.2    
a 1.2a 1.25a 0d 0   d 0d 
C4 
S5 0.9     
a 0.975a 1.1  a 0.75ba 
1.1b  
a 1.2a 1.25a 1a 0.5a 0e 
Probabil
ity 
0.1165 0.3868 0.1165 0.2723 0.9633 0.0001 0.0001 0.0001 0.0001 - 
C.V 15.993  15.458  12.902
6 
12.195
6 
30.132
6 
11.547
0   
22.140
4 
0 0 - 
F value 2.21    1.11    2.21    1.43    0.14    12.00 71.60 99999.
9      
99999.
9      
- 
S1 0.85   
a 0.975a 
1.05   
a 
1.05   
b 0.925b 1.5a 0    e 0    e 0a 0a 
S2 
1.125a 1.275a 1.325a 
1.3     
a 
1.05   
a 0   c 0    b 0    b 0b 0b 
S3 
0.875a 
0.95  
a 1.075a 1.075b 
0.87   
b 0   d 0    c 0    c 0c 0c 
S4 0.9     
a 
0.95  
a 
1.1     
a 
1.1     
b 
0.9     
b 0   e 0   d 0   d 0d 0d 
C5 
S5 0.95  
a 
1.05  
a 
1.15   
a 
1.1     
b 
0.9     
b 1.5b 0.5a 0.2a 0e 0e 
Probabil
ity 
0.4454 0.1779 0.4454 0.000 0.0362 0.0001 0.0001 0.0001 - - 
C.V 23.548
9 
19.627
3 
19.417
5 
3.0361
3 
8.0943
3 
0 0 0 - - 
F value 0.98    1.82    0.98    34.29   3.40    99999.
9      
99999.
9      
99999.
9      
- - 
Values in the same column having different letter are significantly 
different by Duncan Multiple Range test (DMRT) 
C0 ≡ EC 0.4 dSm-1                                                                  S1≡ Acacia Senegal                                                             
C5 ≡ EC 5 dSm-1                                             S2≡ Acacia nubica                                          
C10≡EC 10 dSm-1                                                                   S3≡ Acacia seyal                                                                     
C15≡EC 15 dSm-1                                                                   S4≡ Acacia tortilis                                                                 
C20≡EC 20 dSm-1                                           S5≡ Acacia mellifera 
 
 
 
Table 4-11. Effect of interaction Salinity and species on Shoot root ratio. 
Days after growth Levels  
36 38 41 44 48 55 62 72  97  127  
S1 1        a 1.119a 1.105a 1.088a 1.275 a 1.068a 1.059  a 1.054a 1.141a 1.145a 
S2 1        a 1.089ba 1.078ba 1.066ba 1.075 b 1        b 0.991  a 0.992a 1.153a 1.199a 
S3 0.887b 0.983c 0.99  c 0.99  c 1.075 b 1        b 1.0096a 1.009a 1.167a 1.176a 
S4 0.896b 1.082ba 1.073ba 1.62ba 1.3     a 1        b 1.00    a 1.000a 1.12  a 1.135a 
C1 
S5 0.697c 1.016bc 1.014bc 1.012b 1.275a 1        b 1.00    a 1.00  a 1.08  a 1.128a 
Probability 0.0001 0.0068 0.0069 0.0070 0.0002 0.0001 0.9441 0.9420 0.7626 0.7418 
C.V 4.3297  4.58620 4.06495 3.47351 6.97586 0.87345 12.5659 11.2995 8.41978 7.37899 
F value 40.61       5.38       5.37       5.35       11.09       47.30       0.18       0.19       0.46       0.49       
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S1 0.566b 1.089ba 1.078a 1.066ba 1.175a 1.05a 1.043a 1.039a 1.13  a 1.209 a 
S2 0.870a 1.059ba 1.05  ba 1.043ba 1.075b 1      b 1b 1        b 1.09  b 1.171 b 
S3 1        a 0.984  b 0.99  b 0.99  b 1.05  b 1      b 1b 1        b 1.094b 1.171 b 
S4 1       a 1.086ba 1.075ba 1.064ba  1.05  b 1      b 1b 1        b 1.09  b 1.62   b 
C2 
S5 1       a 1.142  a 1.12  a 1.1    a 1.2    a 1      b 1b 1        b 1..09 b 1.62   b 
Probability 0.0010 0.1095 0.1072 0.1048 0.0056 0.0656 0.0656 0.0656 0.0130 0.0165 
C.V 14.6782 7.14247 6.29402 5.34305 5.45523 2.65671 2.29340 2.08006 1.71402 1.59599 
F value 8.33       2.27       2.29       2.32       5.66       2.78       2.78       2.78       4.57       4.29       
S1 1.0549a 1.001a 1.067a 1.06  a 1.35  a 1.48  a 1.045a 1.05  a 1.019a 0      b 
S2 1.0385a 1.018a 1.083a 1.07  a 1.15cb 1.062a 0        b 0        b 0        b 0      b 
S3 0.9889a 1.001a 1.07  a 1.06  a 0.775d 1.051a 0        b 0        b 0        b 0      b 
S4 1.0335a 0.966a 1.031a 1.03  a 1.075c 1.024a 1.023b 1.03  a 1        a 1      a 
C3 
S5 1.0178a 0.951a 1.017a 1.015a 1.225b 1.013a 1.012b 0.765a 0.75  a 0.75a 
Probability 0.7903 0.5936 0.5383 0.5385 0.0001 0.5360 0.0001 0.0001 0.0001 0.0001 
C.V 7.47844 6.63904 5.91386 5.232 4.77391 4.39186 4.59745 40.5227 40.4927 63.8877 
F value 0.42       0.72       0.81       0.81       65.56       0.81       1577.78     21.24       21.23       19.00       
S1 1.001a 0.982a 1.118a 1.11  a 1.05  a 1.039 a 1.098a 0e 0e 0a 
S2 0.966a 0.927a 1.073a 1.068a 1.075a 1.064 a 0        b 0b 0b 0b 
S3 0.987a 0.95  a 1.088a 1.082a 1.1     a 1.077  a 0        b 0c 0c 0c 
S4 1        a 0.969a 1.103a 1.097a 0.975a 1.09    a 0.806a 0d 0d 0d 
C4 
S5 1.001a 0.966a 1.105a 1.098a 1.125a 1.0919a 1.087a 1a 1a 0e 
Probability 0.9201 0.3948 0.6626 0.6523 0.2520 0.6431 0.0008 0.0001 0.0001 - 
C.V 6.31008 4.20774 4.03325  3.78041 8.82496 3.55751 51.9415 0 0 - 
F value 0.23       1.09       0.61       0.62       1.50       0.64       8.63       99999.9     99999.9     - 
S1 1.02   a 0.931a 1.074ba 1.07ba 1.1  ba 1.069a 1.065a 0e 0a 0a 
S2 1.018a 0.898a 1.036b 1.033b 1.03bc 0         b 0         b 0b 0b 0b 
S3 1.114a 0.963a 1.121a 1.11  a 1.23a 0         b 0         b 0c 0c 0c 
S4 1.036a 0.947a 1.088ba 1.082ba 0.93c 0         b 0         b 0d 0d 0d 
C5 
S5 1        a 0.947a 1.088ba 1.082ba 1.07bac 1.082a 1.077a 1a 0e 0e 
Probability 0.4131 0.2649 0.2097 0.2118 0.0108 0.0001 0.0001 0.0001 - - 
C.V 8.33539 4.40800 4.41361 4.10719 9.34579 7.02693 6.59221 0 - - 
F value 1.05       1.45       1.67       1.66       4.80       1519.00 1725.94     99999.9     - - 
Values in the same column having different letter are significantly different by 
Duncan Multiple Range test (DMRT) 
C0 ≡ EC 0.4 dSm-1                                                                  S1≡ Acacia Senegal                                                                                          
C5 ≡ EC 5 dSm-1                                               S2≡ Acacia nubica                                                              
C10≡EC 10 dSm-1                                                                   S3≡ Acacia seyal                                                                                                  
C15≡EC 15 dSm-1                                                                   S4≡ Acacia tortilis                                                                                              
C20≡EC 20 dSm-1                                             S5≡ Acacia mellifera 
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C0≡EC 0.4 dSm-1                          C5≡EC 5 dSm-1                        C10≡EC 10 dSm-1                                      
C15≡EC 15 dSm-1                                       C20≡EC 20 dSm-1 
Fig.4-3.Effect of Salinity Mixed Red Seawater/ Freshwater on seedling length 
(cm). 
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 Fig.4-4 .Effect of Salinity Mixed Red Seawater/ Freshwater on root length (cm). 
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Fig.4-5.Effect of Salinity Mixed Red Seawater/ Freshwater on seedling diameter 
at root collar (mm). 
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C0≡EC 0.4 dSm-1                          C5≡EC 5 dSm-1                        C10≡EC 10 dSm-1                                      
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 Fig.4-6.Effect of Salinity Mixed Red Seawater/ Freshwater on shoot root ratio. 
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The Shoot/root ratio could be indicative of drought and salt tolerance. As 
the root grows and expand in such environment, it might mean more 
tolerance to adverse environment; from this  Acacia mellifera are more 
tolerant to salinity followed by Acacia tortilis followed by, Acacia 
senegal followed by Acacia nubica followed by Acacia seyal during the 
period of the experiment, as shown in Table 4-11.  
The results of this experiment   are akin to Alizadeh et al., (2004) who 
reported decreased relative yields with increasing water salinity levels of 
Iranian farms applying  brackish water . 
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CHAPTER FIVE 
CONCLUSION AND RECOMMENDATIONS 
 
The results have indicated the superiority of Acacia mellifera, Acacia 
tortilis and Acacia senegal in salinity tolerance Itis therefore, 
recommended that these species be the choice for afforestation, 
reforestation program  using Red Sea water mixed with seasonal rain fall 
in the area.               
Field experiments are to be conducted to assess the field performance of 
the tree species.   
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Appendix: (1) lay out of a laboratory Experiments  
BLOCK 1 BLOCK 2 BLOCK 3 BLOCK 4 
C10   S2  C10   S5 C10   S1 C10   S3 
C10   S5 C10   S2 C10   S5 C10   S4 
C10   S3 C10   S1 C10   S2 C10   S1 
C10   S1 C10   S4 C10   S4 C10   S5 
C10   S4 C10   S3 C10   S3 C10   S2 
C5     S2 C5     S4 C5     S4 C5     S4 
C5     S3 C5     S5 C5     S1 C5     S5 
C5     S4 C5     S2 C5     S3 C5     S3 
C5     S1 C5     S3 C5     S5 C5     S1 
C5     S5 C5     S1 C5     S2 C5     S2 
C20   S3 C20   S4 C20   S2 C20   S4 
C20   S5 C20   S2 C20   S1 C20   S2 
C20   S1 C20   S3 C20   S3 C20   S3 
C20   S4 C20   S1 C20   S5 C20   S5 
C20   S2 C20   S5 C20   S4 C20   S1 
C0     S5 C0     S3 C0     S3 C0     S5 
C0     S1 C0     S4 C0     S1 C0     S2 
C0     S3 C0     S1 C0     S4 C0     S4 
C0     S4 C0     S5 C0     S2 C0     S1 
C0     S2 C0     S2 C0     S5  C0     S3 
C 0 = 0:1 (Seawater: Freshwater), EC = 0.4 dsm-1 as Control.  
C5 =1:12 (Seawater: Freshwater), EC = 5dsm-1  
C10= 1:6 (Seawater: Freshwater), EC = 10dsm-1  
C15= 1:3 (Seawater: Freshwater), EC = 15dsm-1 
C20= 1:2(Seawater: Freshwater), EC = 20dsm-1  
SI= Acacia senegal 
S2= Acacia nubica 
S3= Acacia seyal 
S4= Acacia tortilis 
S5= Acacia mellifera 
Each Petri dish contains 10 seeds 
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Appendix: (2) lay out of pot Experiments 
Block(1) Block(1) Block(1) Block(1) 
         C0 S1          C5 S4         C0 S4          C5 S5 
         C10 S3         C15 S3          C5 S2         C15 S2 
         C20 S4         C10 S1         C0 S3        C2 S20 
         C15 S1         C0 S3        C20 S3          C0 S2 
        C10 S1         C20 S3          C20 S2         C0 S5 
        C5 S4          C5 S3          C10 S5          C5 S1 
         C15 S3         C20 S5          C20 S1         C10 S2 
         C0 S2          C20 S2          C15 S1          C5 S2 
        C20 S5          C5 S2          C15 S3         C15 S5 
         C10 S2        C10 S2         C10 S3          C0 S4 
        C0 S3         C0 S4          C10 S2         C20 S1 
        C5 S3          C10 S5          C10 S1          C10 S3 
         C20 S2          C20 S1          C0 S1          C20 S4 
        C10 S5          C10 S4          C20 S5          C5 S3 
        C15 S5          C0 S5          C15 S5          C5 S4 
         C20 S3         C5 S5          C5 S4         C1 S10 
         C5 S1          C`15 S5          C15 S2          C20 S5 
         C0 S4         C15 S2         C0 S5          C10 S4 
         C5 S5          C20 S4          C10 S4          C20 S3 
        C5 S2          C0 S1          C5 S1          C0 S3 
         C10 S4         C10 S3          C5 S3        C15 S4 
         C15 S2         C15 S1          C0 S2         C10 S5 
        C15 S4          C S20          C5 S5          C1 S15 
         C20 S1       C15 S4         C15 S4          C0 S1 
        C0  S5          C5 S1          C20 S4          C15 S3  
C 0 = 0:1 (Seawater: Freshwater), EC = 0.4 dsm-1as Control. 
C5 =1:12 (Seawater: Freshwater), EC = 5dsm-1 
C10= 1:6 (Seawater: Freshwater), EC = 10 dsm-1 
C15= 1:3 (Seawater: Freshwater), EC = 15 dsm-1 
C20= 1:2(Seawater: Freshwater), EC = 20 dsm-1 
SI= Acacia senegal 
S2= Acacia nubica 
S3= Acacia seyal 
S4= Acacia tortilis 
S5= Acacia mellifer 
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